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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to low coherent reflectometers that use low coherent 

light beams for measuring reflectance and reflecting positions in measured optical 

circuits such as optical waveguides, optical modules, and the like. 

Description of the Related Art 

FIG. 8 shows a simplified configuration of a conventional low coherent 

reflectometer. Herein, reference numeral 100 designates a low coherent light source 
such as a light emitting diode (LED) that radiates low coherent light beams (simply, 
referred to as low coherent beams). One end of an optical fiber 1 0 1 is connected to 
an outgoing terminal of the low coherent light source 100. Reference numeral 102 
designates an optical coupler having four ports, which are designated by reference 
numerals 102a to 102d respectively. The other end of the optical fiber 101 is 
connected to the port 102a of the optical coupler 102. In the optical coupler 102, low 
coherent beams incoming from the port 102a are subjected to branching in response to 
a prescribed intensity ratio (e.g., one-to-one ratio), so that branched beams are 
respectively output from the ports 102b and 102c. One end of an optical fiber 103 is 
connected to the port 102b of the optical fiber 102. The other end of the optical fiber 
103 is connected to a measured optical circuit 104 which is a measured subject having 
a reflecting point therein. 

One end of an optical fiber 105 is connected to the port 102c of the optical 
coupler 102. Reference numeral 1 06 designates a collimator lens whose focal point is 
set in advance and which is located at a terminal end 105 a of the optical fiber 105. 



Reference numeral 107 designates a reflecting mirror for reflecting incoming beams 
that are transmitted thereto by way of the collimator lens 1 06. In addition, a stage 
(not shown) is provided to vary the distance between the collimator lens 106 and the 
reflecting mirror 107. One end of an optical fiber 108 is connected to the port 102d 
of the optical coupler 102, while the other end is connected to a received light signal 
processor 109. The received light signal processor 109 provides two light receiving 
elements (not shown) that respectively receive light beams entering from the optical 
fiber 108. The light receiving elements perform photoelectric conversion on the 
received light beams to produce electric signals. In addition, the light receiving 
elements also amplify differences between the electric signals. 

Next, a description will be given with respect to the operations of the low 
coherent reflectometer shown in FIG. 8. First, low coherent beams generated by the 
low coherent light source 100 are subjected to branching by the optical coupler 102. 
The first of the branched beams are introduced into the measured optical circuit 104 as 
measurement beams by way of the optical fiber 103. Then, the measured optical 
circuit 104 produces reflected beams, which are transmitted back to the port 102b of 
the optical fiber 102 by way of the optical fiber 103. 

The other of the branched beams output from the optical coupler 102 are 
introduced into the optical fiber 105 as local beams. Therefore, the local beams are 
output from the terminal end 105a of the optical fiber 105 and propagate towards the 
collimator lens 106. The collimator lens 106 converts them to parallel beams, which 
are then subjected to reflection of the reflecting mirror 107. The reflected beams are 
subjected to convergence by the collimator lens 106. The converged beams are 
introduced into the optical fiber 105 from its terminal end 105a. Then, they are 
transmitted to the optical coupler 102 via the port 102c. 
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In the optical coupler 102, the reflected measurement beams input from the 
port 102b and the reflected local beams input from the port 102c are combined. If the 
optical path for transmission of the measurement beams matches the optical path for 
transmission of the local beams, interference may occur in the optical coupler 102. 
Of the combined beams produced inside of the optical coupler 102, the beams output 
from the port 102d are subjected to photoelectric conversion and differential 
amplification by the light receiving elements, which are provided inside the received 
light signal processor 109. 

It is possible to vary the spatial optical path length by moving the reflecting 
mirror 107 on the stage along the optical axis direction at a constant velocity. 
Therefore, it is possible to vary the optical path length for propagation of the local 
beams leaving from the port 102c of the optical coupler 102. The measurement 
beams travel from the port 102b of the optical coupler 102 to the measured optical 
circuit 104 via the optical fiber 103, so that the reflected measurement beams travel 
backwards by way of the optical fiber 103. Hence, the overall optical path length is 
established by the optical fiber 103 for transmission of the measurement beams. In 
addition, the local beams travel from the port 102c of the optical coupler 102 via the 
optical fiber 105 and also travel towards the reflecting mirror 107 via the collimator 
lens 106, so that the reflected local beams travel backwards by way of the collimator 
lens 106 and the optical fiber 105. Hence, the overall optical path length is 
established by the optical fiber 105, collimator lens 106, and reflecting mirror 107for 
transmission and propagation of the local beams. When the overall optical path 
length of the measurement beams traveling between the port 102b of the optical 
coupler 102 and the measured optical circuit 104 is equal to the overall optical path 
length of the local beams traveling between the port 102c of the optical coupler 102, 
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collimator lens 106 and reflecting mirror 107, interference occurs between these beams. 
Therefore, it is possible to measure the accurate position of the reflecting point in the 
measured optical circuit 104. Incidentally, details of the aforementioned technique 
are described in various papers such as Japanese Unexamined Patent Publication No. 
2000-97856, for example. 

In the aforementioned low coherent reflectometer, the measurement beams are 
transmitted through the optical fiber 103 only. That is, only a single optical fiber is 
used to form an optical path for transmitting the reflected measurement beams, which 
are produced by the measured optical circuit 104. As for the local beams, an overall 
optical path is composed of the optical fiber 105 and a spatial optical path which is 
formed across the terminal end 105a of the optical fiber 105, collimator lens 106, and 
reflecting mirror 107, wherein the spatial optical path has a refractive index of 
approximately '1'. 

As compared with the chromatic dispersions of the measurement beams and 
the reflected beams in the optical path formed by only the optical fiber 103, the 
chromatic dispersion of the local beams in the optical path decreases because of the 
existence of the spatial optical path, in which the local beams leaving from the 
terminal end 105a of the optical fiber 105 propagate towards the reflecting mirror 107 
via the collimator lens 106 so that the reflected local beams propagate backwards to 
reach the terminal end 1 05a of the optical fiber 1 05. In other words, the spatial 
optical path causes a difference between the chromatic dispersions of the measurement 
beams and local beams. Such a difference adversely influences and deteriorates the 
spatial resolution in measurement of reflectance and the like. 

In short, the reflecting point of the measured optical circuit 104 can be 
estimated by causing interference between the reflected measurement beams and the 
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reflected local beams in the optical coupler 102, which is adjusted by varying the 
spatial optical path of the local beams in response to the movement of the reflecting 
mirror 107. As the spatial optical path becomes longer, the difference between the 
chromatic dispersion of the measurement beams and that of the local beams increases, 
which may result in deterioration of the spatial resolution. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a low coherent reflectometer that 
can maintain a high spatial resolution in the measurement of reflectance even though 
the spatial optical path length for propagation of local beams is varied. 

A low coherent reflectometer of this invention uses low coherent beams for 
the measurement of reflectance with respect to a measured optical circuit including a 
reflecting point. According to the first aspect of the invention, the low coherent 
beams are branched by an optical coupler to produce measurement beams and local 
beams. The measurement beams are introduced into a first optical path, which 
includes a dispersion shifted fiber, towards the measured optical circuit, while the local 
beams are introduced into a second optical path, which includes a spatial optical path, 
terminated by a reflecting mirror. Reflected measurement beams and reflected local 
beams are combined together to produce combined beams, which are subjected to 
processing and analysis. The spatial resolution is noticeably improved even though 
the spatial optical path length is varied because the length of the dispersion shifted 
fiber is determined so as to substantially match the length of the spatial optical path for 
propagation of the local beams towards the reflecting mirror. 

According to the second aspect of the invention, an optical bandpass filter is 
provided to restrict the wavelengths of the low coherent beams within a prescribed 
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range of wavelengths. That is, the optical bandpass filter has specific transmission 
characteristics to adjust the foil width at half maximum (FWHM) in the spectrum of 
the low coherent beams, thus minimizing effects (or influences) on spatial resolutions 
due to chromatic dispersions. The beams transmitted through the optical bandpass 
filter are branched to produce measurement beams and local beams. The 
measurement beams are directly transmitted towards the measured optical circuit 
without the intervention of the dispersion shifted fiber. The local beams are 
introduced into the second optical path, which includes the spatial optical path. 
Incidentally, the spatial optical path is formed by a collimator lens and a reflecting 
mirror, which are spaced apart by a prescribed distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects, aspects, and embodiments of the present invention 
will be described in more detail with reference to the following drawing figures, in 
which: 

FIG. 1 is a system diagram diagrammatically showing optical connections 
between components for use in a low coherent reflectometer in accordance with a first 
embodiment of the invention; 

FIG. 2A is a graph showing a signal waveform that is measured by a low 
coherent reflectometer which does not include a dispersion shifted fiber within an 
optical path for transmission of measurement beams; 

FIG. 2B is a graph showing a signal waveform that is measured by a low 
coherent reflectometer which includes the dispersion shifted fiber within the optical 
path for transmission of measurement beams; 

FIG. 3 is a system diagram showing optical connections between components 



for use in a low coherent reflectometer in accordance with a second embodiment of the 
invention; 

FIG. 4 is a graph showing the relationship between the spatial resolution A z, 
and the interval length which causes differences between the chromatic dispersions of 
the beams in the optical paths; 

FIG. 5 is a graph showing the relationship between the spatial resolution A z, 
and the FWHM value in the spectrum of low coherent beams; 

FIG. 6 is a graph showing the relationship between the spatial resolution A 
and the interval length which cause differences between the chromatic dispersions of 
the beams in the optical paths for the case when the FWHM value is set to 10 nm; 

FIG. 7 A is a graph showing a signal waveform measured by the low coherent 
reflectometer of the second embodiment that allows transmission of low coherent 
beams within ±40 nm about the prescribed wavelength; 

FIG. 7B is a graph showing a signal waveform measured by the low coherent 
reflectometer of the second embodiment that allows transmission of low coherent 
beams within ± 7.5 nm about the prescribed wavelength; and 

FIG. 8 is a system diagram diagrammatically showing optical connections 
between components for use in the conventional low coherent reflectometer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
This invention will be described in further detail by way of examples with 

reference to the accompanying drawings. 

[A] First Embodiment 

FIG. 1 shows a simplified configuration of a low coherent reflectometer in 

accordance with a first embodiment of the invention. Herein, reference numeral 1 



designates a low coherent light source that comprises a light emitting diode (LED) for 
producing low coherent light beams. The low coherent light source 1 is adjusted to 
produce low coherent beams having a prescribed range of wavelengths, a center 
wavelength of which is set to 1.55 is m, for example. 

One end of an optical fiber 2 is connected to an outgoing terminal of the low 
coherent light source 1 . Reference numeral 3 designates an optical coupler having 
four ports, which are respectively designated by reference numerals 3a to 3d. The 
other end of the optical fiber 2 is connected to the port 3 a of the optical coupler 3. In 
the optical coupler 3, low coherent beams input to the port 3a are branched in response 
to a prescribed intensity ratio (e.g., one-to-one ratio), so that branched beams are 
output from the ports 3b and 3 c respectively. One end of an optical fiber 4 is 
connected to the port 3b of the optical coupler 3. 

The other end of the optical fiber 4 is connected to a measured optical circuit 
6 by way of a dispersion shifted fiber (abbreviated as 'DSF') 5. The dispersion 
shifted fiber 5 has the prescribed characteristic that the dispersion value becomes 
approximately zero within the wavelength range of the low coherent beams output 
from the low coherent light source 1 . The length of the dispersion shifted fiber 5 is 
adjusted to provide a certain optical path length, which is approximately equal to the 
spatial optical path length for propagation of local beams, with respect to low coherent 
beams having the prescribed wavelength range output from the low coherent light 
source 1 . In addition, the optical fiber 4 has a length that is approximately equal to 
the length of an optical fiber 7, which will be described later. A first optical path is 
formed connecting the port 3b of the optical coupler 3, optical fiber 4, dispersion 
shifted fiber 5, and measured optical circuit 6. In the first optical path, beams output 
from the port 3b of the optical coupler 3 are transmitted through the optical fiber 4 and 



"9 

the dispersion shifted fiber 5 to reach the measured optical circuit 6; then, reflected 
beams are transmitted backwards through the dispersion shifted fiber 5 and the optical 
fiber 4 to reach the port 3b of the optical coupler 3. 

One end of the optical fiber 7 is connected to the port 3c of the optical coupler 
3. Reference numeral 8 designates a collimator lens whose focal point is set at a 
terminal end 7a of the optical fiber 7. Reference numeral 9 designates a reflecting 
mirror that reflects incoming beams propagated thereto via the collimator lens 8. The 
reflecting mirror 9 is placed on a stage (not shown) that is moved to vary the distance 
between the collimator lens 8 and the reflecting mirror 9. A second optical path is 
formed connecting the port 3c of the optical coupler 3, optical fiber 7, collimator lens 8, 
and reflecting mirror 9. In the second optical path, beams output from the port 3c of 
the optical coupler 3 are transmitted through the optical fiber 7 and then propagate 
towards the reflecting mirror 9 via the collimator lens 8; thereafter, reflected beams 
propagate backwards via the collimator lens 8 and are then transmitted backwards 
through the optical fiber 7 to reach the port 3 c of the optical coupler 3. 

One end of an optical fiber 10 is connected to the port 3d of the optical 
coupler 3, while the other end is connected to a received light signal processor 11. 
The received light signal processor 11 provides two light receiving elements (not 
shown) that perform photoelectric conversion on incoming beams from the optical 
fiber 10 to produce electric signals respectively. In addition, the light receiving 
elements amplify differences between the electric signals. 

Next, the operations of the low coherent reflectometer of the first embodiment 
will be described in detail. First, low coherent beams leaving from the low coherent 
light source 1 are branched by the optical coupler 3. The optical coupler 3 produces 
two kinds of branched beams, namely measurement beams DL and local beams KL. 
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The measurement beams DL are introduced into the optical fiber 4 and the dispersion 
shifted fiber 5 towards the measured optical circuit 6. The measurement beams DL 
are reflected at a certain reflecting point of the measured optical circuit 6, which in 
turn generates reflected measurement beams RL. The reflected measurement beams 
RL are sequentially transmitted through the dispersion shifted fiber 5 and the optical 
fiber 4 and are input to the port 3b of the optical coupler 3 . Transmission of the 
measurement beams DL and the reflected measurement beams RL within the optical 
fiber 4 may provide dispersion as a resuh of the dispersion characteristics of the 
optical fiber 4. In contrast, dispersions are not caused by the transmission of the 
aforementioned beams DL and RL within the dispersion shifted fiber 5. 

The local beams KL, which correspond to a part of the branched beams 
produced by the optical coupler 3 based on the low coherent beams, are output from 
the port 3 c of the optical coupler 3 . The local beams KL are transmitted through the 
optical fiber 7 and are then output from its terminal end 7a. Then, the local beams 
KL are converted to parallel beams by the collimator lens 8, so that the parallel beams 
propagate towards the reflecting mirror 9 and are reflected. The reflected local beams 
(KL) are subjected to convergence by the collimator lens 8, so that the converged 
beams are input to the optical fiber 7 from its terminal end 7a. Thus, the reflected 
local beams (KL) are transmitted through the optical fiber 7 and are then input to the 
port 3 c of the optical coupler 3. 

In the above, the local beams KL output from the terminal end 7a of the 
optical fiber 7 propagate towards the collimator lens 8 in the space therebetween; then, 
they are converted to parallel beams, which fijrther propagate towards the reflecting 
mirror 9 in the space therebetween. That is, the local beams KL propagate through a 
spatial optical path from the terminal end 7a of the optical fiber 7 to the reflecting 
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mirror 9. The reflected local beams propagate backwards through the aforementioned 
spatial optical path from the reflecting mirror 9 to the terminal end 7a of the optical 
fiber 7. No chromatic dispersion is caused during propagation of the (reflected) local 
beams KL. Similarly, no chromatic dispersion is caused during transmission of the 
measurement beams DL and the reflected measurement beams RL in the dispersion 
shifted fiber 5. As described before, the length of the dispersion shifted fiber 5 is 
determined to provide a certain optical path length, which is approximately equal to 
the spatial optical path length for propagation of the local beams KL, with respect to 
the low coherent beams having the prescribed wavelength range output from the low 
coherent light source 1 . Therefore, the chromatic dispersion of the reflected 
measurement beams RL input to the port 3b of the optical coupler 3 is approximately 
equal to the chromatic dispersion of the reflected local beams (KL) input to the port 3c 
of the optical coupler 3. 

The reflected measurement beams RL and the reflected local beams (KL) are 
combined by the optical coupler 3 . If the length of the first optical path for 
transmission of the measurement beams DL and the reflected measurement beams RL 
becomes equal to the length of the second optical path for transmission of the local 
beams KL, interference occurs in the optical coupler 3. A part of the combined 
beams, which are produced by combining the reflected measurement beams RL and 
the reflected local beams (KL) in the optical coupler 3, is supplied to the received light 
signal processor 1 1 via the port 3d. In the received light signal processor 1 1, the light 
receiving elements perform photoelectric conversion on the combined beams output 
from the port 3d of the optical coupler 3 to produce electric signals. In addition, the 
light receiving elements also perform differential amplification on the electric signals. 

The aforementioned first embodiment is designed to roughly eliminate effects 
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(or influences) that are imparted on the spatial resolution in the measurement due to 
chromatic dispersions when the length of the dispersion shifted fiber 5 is adjusted to be 
equivalent to the length of the spatial optical path for transmission of the local beams. 
In practice, if an optical fiber is pre-installed in the measured optical circuit 6, it is 
impossible to completely eliminate the effects imparted on the spatial resolution in the 
measurement due to the chromatic dispersions. However, even if an optical fiber is 
pre-installed in the measured optical circuit 6, it is certainly possible to reduce the 
effects to some extent. 

Examples of measurement resuhs that are produced by the low coherent 
reflectometer of the first embodiment for measuring the measured optical circuit 6 are 
shown in Figures 2A and 2B. Specifically, FIG. 2 A shows variations of signal 
waveforms measured by the low coherent reflectometer which does not include the 
dispersion shifted fiber 5, while FIG. 2B shows variations of signal waveforms 
measured by the low coherent reflectometer which includes the dispersion shifted fiber 

5. In Figures 2 A and 2B, the vertical axis represents the signal level in units of 
decibels [dB], whereas the horizontal axis represents a part of the measurement range 
or area provided inside the measured optical circuit 6. The length of the spatial 
optical path for propagation of the local beams is set to 70 cm, for example. 

Comparing these two graphs of Figures 2 A and 2B, peaks 'PI' emerge at 
signal levels in correspondence with the reflecting point of the measured optical circuit 

6. Herein, the width at the peak portion shown in FIG. 2B is narrower than the width 
at the peak portion shown in FIG. 2A. This indicates that the spatial resolution in the 
measurement is improved by the provision of the dispersion shifted fiber 5. 

Due to the provision of the dispersion shifted fiber 5 within the first optical 
path for transmission of the measurement beams DL and the reflected measurement 
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beams RL, the low coherent reflectometer of the first embodiment is capable of 
approximately eliminating the difference between the chromatic dispersion of the 
measurement beams DL and the reflected measurement beams RL caused by 
transmission through the optical fibers 4 and 5 and the chromatic dispersion of the 
local beams KL caused by transmission through the optical fiber 7 and propagation 
through the spatial optical path. Thus, it is possible to maintain a high spatial 
resolution in the measurement using the low coherent reflectometer. 
[B] Second Embodiment 

FIG. 3 shows a simplified configuration of a low coherent reflectometer in 
accordance with a second embodiment of the invention, wherein parts equivalent to 
those shown in FIG. 1 are designated by the same reference numerals, and the 
descriptions thereof will be omitted as necessary. The low coherent reflectometer of 
the second embodiment differs fi-om the low coherent reflectometer of the first 
embodiment in two points. First, the dispersion shifted fiber 5 shown in FIG. 1 is 
removed so that the port 3b of the optical coupler 3 is directly connected to the 
measured optical circuit 6 by way of the optical fiber 4 only. Second, an optical 
bandpass filter 20 and an optical fiber 21 are additionally provided between the low 
coherent light source 1 and the optical fiber 2. That is, the low coherent light source 
1 is connected to the optical bandpass filter 20 via the optical fiber 21, wherein one 
end of the optical fiber 2 is connected to the optical bandpass filter 20 while the other 
end is connected to the port 3 a of the optical coupler 3. 

The aforementioned low coherent reflectometer of the second embodiment is 
designed in consideration of effects which are imparted on the spatial resolution in the 
measurement and which become noticeable if the spectral width (or full width at half 
maximum) of the low coherent beams output from the low coherent light source 1 is 
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relatively large. That is, the second embodiment aims at reducing the effects on the 
spatial resolution by narrowing the spectral width of the low coherent beams output 
from the low coherent light source 1. For this reason, the second embodiment 
provides the optical bandpass filter 20 to narrow the spectral width of the low coherent 
beams to some extent. 

Next, a description will be given with respect to the relationship between the 
spectral width (i.e., full width at half maximum) of the low coherent beams and the 
spatial resolution in the measurement of the low coherent reflectometer. In general, it 
is possible to approximately estimate the effects on the chromatic dispersions in the 
spatial resolution, which are detected by the low coherent reflectometer based on a 
prescribed measurement method, in accordance with the following formula (1) which 
is given in consideration of the spectral characteristics of the low coherent light source 
1 and the dispersion characteristics of the optical fibers 2, 4, 7, 10, etc. 



In the above formula (1), A Zj denotes the spatial resolution of the low 
coherent reflectometer which is calculated based on the assumption that the optical 
fibers 2, 4, 7, and 10 impart substantially no effects on the dispersions. This spatial 
resolution A is approximately given by the following equation (2). 



In the above equation (2), 'n' denotes the refractive indexes of optical 
transmission media (such as the optical fibers 2, 4, 7, 10, etc.); ' X ' denotes the center 
wavelength of low coherent beams output from the low coherent light source 1 ; and 
' A /L ' denotes the value of 'FWHM' (namely, full width at half maximum) for the 
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center wavelength of the low coherent beams. 

In the formula (1), 'L^' denotes a specific length called the dispersion length 
that represents an effect on the dispersion, and it is given by the following equation 



In the above equation (3), 'c' denotes the speed of light; and 'D' denotes a 
dispersion parameter of the optical fiber. 

In the formula (1), 'L' denotes a one-way length towards the reflecting point 
of the measured optical circuit 6. According to the second embodiment, the low 
coherent reflectometer is designed such that dispersing effects are substantially 
cancelled between a first optical path for transmission of the measurement beams DL 
and the reflected measurement beams RL and a second optical path for transmission of 
the local beams KL. Therefore, 'L' substantially corresponds to the length of the 
spatial optical path between the collimator lens 8 and the reflecting mirror 9, which 
causes a difference between the chromatic dispersions in the aforementioned optical 
paths. 

By substituting the equations (2) and (3) for the aforementioned formula (1), 
it is possible to produce the following equation (4). 



As described above, by setting the optical transmission media and the center 
wavelength of the light source, it is possible to calculate the spatial resolution A z, in 
consideration of the effects on the dispersions due to the optical fibers 2, 4, 7, 10, etc. 
It can be easily understood from the equation(4) that the spatial resolution A z. 



(3). 



...(3) 




... (4) 
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depends upon the full width at half maximum in the spectrum of low coherent beams 
output from the low coherent light source 1 as well as the length of the prescribed 
interval corresponding to the spatial optical path which causes a difference between the 
chromatic dispersions detected for the first optical path for transmission of the 
measurement beams DL and the reflected measurement beams RL, and the second 
optical path for transmission of the local beams KL. 

FIG. 4 shows the relationship between the spatial resolution A and the 
length of the interval that causes a difference between the chromatic dispersions in the 
optical paths. It shows that as the interval length becomes longer, the value of the 
spatial resolution A z, increases proportionally, so that the property of the low 
coherent reflectometer deteriorates in the spatial resolution A z,. FIG. 5 shows the 
relationship between the spatial resolution A z, and the full width at half maximum 
(simply, referred to as 'FWHM') in the spectrum of low coherent beams output from 
the low coherent light source 1. Concretely speaking, the graph of FIG. 5 is given 
with respect to the prescribed center wavelength of 1.55 /z m set for the low coherent 
beams output from the low coherent light source 1 . It shows that when the FWHM 
value of the low coherent light source 1 is set to 18 nm or so, the spatial resolution A 
z, becomes a minimum, so that the low coherent reflectometer provides the best 
performance in measurement with respect to the spatial resolution A z,. If the 
FWHM value is reduced to be lower than 10 nm, the spatial resolution A suddenly 
increases, so that the low coherent reflectometer suddenly deteriorates in the spatial 
resolution A z,. In contrast, if the FWHM value is increased to be higher than 30 nm, 
the spatial resolution A gradually increases, so that the low coherent reflectometer 
gradually deteriorates in the spatial resolution A z^. 

The aforementioned graphs of Figures 4 and 5 clearly show that the spatial 
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resolution becomes a minimum at a certain FWHM value in relation to a certain length 
of 'L' . Therefore, it is possible to adequately select the certain FWHM value that 
makes the variations of the spatial resolution a minimum in response to variations of 
the length 'L' . FIG. 6 shows the relationship between the spatial resolution A and 
the length of the interval that causes a difference between the chromatic dispersions in 
the optical paths when the FWHM value is fixed at a certain value. Concretely 
speaking, the graph of FIG. 6 is for the case when the FWHM value is set to 10 nm, 
and the dispersion parameter D of the optical fiber is assumed to be at a common value 
of 17 ps/km-nm. 

FIG. 6 shows that the spatial resolution A does not vary substantially even 
though the interval length causing the difference between the chromatic dispersions in 
the optical paths is varied to some extent. That is, when the center wavelength of the 
low coherent beams output fi-om the low coherent light source 1 is set to 1.55 /x m, the 
transmission characteristics of the optical bandpass filter 20 should be set to allow 
transmission of low coherent beams whose wavelength substantially matches the 
aforementioned wavelength of 1.55 /z m ± 5 nm, for example. In this case, the 
spatial resolution A would not deteriorate very much even though the reflecting 
mirror 9 placed on the stage (not shown) is moved to vary the spatial optical path 
length measured between the collimator lens 8 and the reflecting mirror 9. 

Figures 7A and 7B show examples of the measurement results that are 
produced by the low coherent reflectometer of the second embodiment, which 
performs the prescribed measurement on the measured optical circuit 6. Specifically, 
FIG. 7 A shows a signal waveform that is measured by the low coherent reflectometer 
in which the optical bandpass filter 20 has a transmission bandwidth which allows 
transmission of low coherent beams whose wavelength substantially matches the 
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aforementioned wavelength of 1.55 m m + 40 nm, whereas FIG. 7B shows a signal 
waveform that is measured by the low coherent reflectometer in which the optical 
bandpass filter 20 has a transmission bandwidth which allows transmission of low 
coherent beams whose wavelength substantially matches the aforementioned 
wavelength of 1.55 m ± 7.5 nm. 

Both of the signal waveforms shown in Figures 7 A and 7B have peaks 'P2' in 
correspondence with the reflecting point of the measured optical circuit 6. Herein, 
the width of the peak portion shown in FIG. 7B is narrower than the width of the peak 
portion of the signal waveform shown in FIG. 7A. This indicates that the spatial 
resolution is improved by precisely setting small margins for the wavelength in the 
transmission bandwidth of the optical bandpass filter 20. 

Similar to the foregoing first embodiment, the second embodiment can 
estimate the difference between the chromatic dispersion of the measurement beams 
DL and the reflected measurement beams RL transmitted in the optical fiber 4, and the 
chromatic dispersion of the local beams KL transmitted in the optical fiber 7 and 
propagated in the spatial optical path between the collimator lens 8 and the reflecting 
mirror 9. The second embodiment is characterized by providing the optical bandpass 
filter 20 for restricting the FWHM value of low coherent beams output fi-om the low 
coherent light source 1, by which the spatial resolution A z, is prevented from 
deteriorating very much. In short, the low coherent reflectometer of the second 
embodiment is advantageous because it can demonstrate high performance in the 
measurement with respect to the spatial resolution. 

As described heretofore, this invention has a variety of technical features and 
effects, which will be described below. 

(1) The low coherent reflectometer of this invention is characterized by providing a 



19 

compensator that compensates for a difference between chromatic dispersions in 
different optical paths. Hence, it is possible to eliminate effects on the spatial 
resolution due to chromatic dispersions. Therefore, it is possible to maintain a 
high spatial resolution in the measurement of the low coherent reflectometer. 

(2) The high spatial resolution can be obtained by only connecting an optical fiber for 
dispersion compensation within a first optical path for transmission of 
measurement beams. 

(3) The low coherent reflectometer of this invention is also characterized by providing 
an adjuster for adjusting the full width at half maximum (or FWHM) of the 
spectrum of low coherent beams output from the light source. This allows an 
optimal setup for an FWHM value to minimize the effects on the spatial resolution 
due to chromatic dispersions. Hence, it is possible to ensure substantially no 
variations of the spatial resolution even though the spatial optical path length for 
propagation of the local beams is varied. 

(4) Specifically, the low coherent reflectometer uses an optical bandpass filter for 
adjusting the FWHM value of spectrum of low coherent beams output from the 
light source. Therefore, it is possible to select an optimal FWHM value which 
minimizes the effects on the spatial resolution due to chromatic dispersions with a 
simple configuration. 

As this invention may be embodied in several forms without departing from 
the spirit of essential characteristics thereof, the present embodiments are therefore 
illustrative and not restrictive, since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equivalents of such metes and bounds 
are therefore intended to be embraced by the claims. 



